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DISCUSSION *: DOROTHY M. HORSTMANN**
Dr. Weller has given us an excellent review of the problems presented by
rubella and the rubella syndrome, and has outlined the many new dis-
coveries in this field in which he and his colleagues have played such a vital
role. The isolation of rubella virus, reported simultaneously in 1962 by
Weller and Neva and by Buescher and his colleagues, opened up a whole
new era, and made possible accurate epidemiologic observations on the
period of infectiousness, the degree of contagion, and the nature of
maternal and fetal rubella. With virologic and serologic tools available
for working with rubella virus, the stage was set to exploit the opportu-
nities presented by the 1964 epidemic, the largest that the United States has
experienced in at least 20 years. In Connecticut, as in Massachusetts,
a record number of cases was reported-more than 40,000 in a population
of some 2,500,000. Inevitably, in such a large outbreak, many young women
were infected in the first trimester of pregnancy and many babies with the
rubella syndrome have been born subsequently.
In our laboratory we have attempted to explore various aspects of the
rubella problem, as have others. The work has been carried out by a team
consisting of Dr. J. Banatvala, Mr. John Riordan, Dr. Margaret Payne,
Dr. Louis Gluck, and myself. Last spring we examined some 18 specimens
of combined fetal and placental tissue collected when pregnancy was termi-
nated for maternal rubella in the first trimester. From ten of these specimens
(56 per cent) rubella virus was recovered, an isolation rate remarkably
similar to that reported by Alford, Neva, and Weller,' and by others.2 The
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chronicity of the fetal infection was evidenced by the recovery of virus up
to eight weeks after maternal disease in our series as in the Boston
experience, and recovery of virus from a fetus examined as long as 18
weeks after the mother's rash had been reported by Kay, et al.8 With this
background it should be no surprise that infants born with the rubella
syndrome are often still infected and excreting virus. Yet this extraordinary
biologic behavior is astonishing, and has posed many intriguing immuno-
logic and epidemiologic problems. As Dr. Weller has indicated, the con-
TABLE 1. ISOLATION OF VIRUS FROM INFANTS WHOSE MOTHERS HAD
RUBELLA DURING PREGNANCY
Virus isolation fromn throat swabs
Maternal rubella Rubella syndrome Normal infants
(week) No. pos./No. tested No. pos./No. tested
1-4 9/10 0/4
5-8 10/12 1/7
9-12 - 2/5
13-16 - 1/4
17-20 - 0/1
20+ - 1*/3
(Negative history-inapparent 6/6
infection)
Totals 25/28 5/23
* Onset of maternal rubella day before delivery.
tinued shedding of virus is not an example of ordinary immune tolerance,
since neutralizing antibody has been detected early in fetal serums, and
affected infants have high and persistent antibody titers which parallel
those of their mothers.
As part of an epidemiologic study, we have been administering question-
naires to all women delivering in the Yale-New Haven Hospital since
1 October 1964, that is, nine months after the epidemic began in this area.
Three groups of infants are being followed with virologic and serologic
studies and clinical observations: 1) infants with frank evidence of con-
genital rubella; 2) normal babies whose mothers nevertheless had rubella at
some time during the pregnancy; and 3) babies with congenital anomalies
of various types whose mothers did not give a history of rubella during
the pregnancy. The results are as yet far from complete, but Table 1
indicates some of the findings in terms of virus isolations from the throats
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of babies with the rubella syndrome, and from normal infants whose
mothers had rubella during the pregnancy. Included in the rubella syndrome
group are 9 infants born in the Yale-New Haven Hospital, and 19 others
either referred in or seen at other hospitals. Rubella virus was recovered
during the first few days of life from throat swabs of 25 of the 28 infants
with the rubella syndrome. The mothers of 22 of the infants had had rubella
during the first trimester; in 6 other instances the maternal infection was
inapparent. Follow-up throat swab specimens from a few of the babies have
been tested, andvirus has been recovered repeatedly from 8 children: 3 were
still virus positive at 3 months, 4 at 4 months, and 1 at 5 months of age.
Similar prolonged excretion has been reported by Alford, et al.,1 and
Cooper and his colleagues have recovered virus from one infant nine
months old.' With this pattern of prolonged virus excretion it is not
surprising that affected infants are a source of contagion. We have seen
typical rubella in two nurses caring for newborns with the rubella syn-
drome, and in an X-ray technician exposed to a six-week old virus positive
infant who underwent cardiac catheterization.
Of the group of normal babies so far tested (Table 1), virus has been
recovered from five. In one instance, maternal rubella occurred at the 6th
week; in two others during the 10th, and in one at 15 weeks. Three of the
children appear to be entirely normal at 2 to 3 months of age, although the
presence of impaired hearing or other anomalies cannot yet be ruled out.
One infant is a feeding problem and has gained weight slowly, but has no
obvious evidence of the rubella syndrome. A fifth child was infected
shortly before birth, for the mother developed her rash on the day before
delivery. The baby had viremia on the first day of life, but virus was not
detected in the throat until three days of age. No clinical evidence of
rubella appeared in the infant, and antibodies developed normally.
As to the third group of babies in our investigation, i.e., those with
various congenital anomalies not particularly characteristic of the rubella
syndrome, throat swabs of 12 have been tested. Only one has yielded
virus to date. At birth this infant was noted to have a cleft palate, but
seemed otherwise normal. Subsequently, however, the baby has had
difficulty in feeding, frequently regurgitates food, and has gained little
weight, and in general is an example of the "failure to thrive" syndrome.
The clinical findings in the first 20 babies with the rubella syndrome
whom we have followed have been similar to those reported by Alford,
etal.' andothers."' They are summarized in Figure 1. As has been observed
in cases of the rubella syndrome following previous epidemics, cardiac
lesions, principally patent ductus arteriosus, were the most frequent
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anomalies, being present in 17 of the 20 babies. Other defects commonly
associated with congenital rubella were also observed. These included
cataracts, micropthalmia, microcephaly, prematurity, and low birth weight.
The most striking and surprising finding, however, was the purpuric or
petechial rash present at birth in 13 or 65 per cent of the infants. In these
babies purpura was accompanied by thrombocytopenia and hepatospleno-
megaly (Table 2). The rash disappeared and the platelets returned to
normal within a few days to several weeks in most instances, but in one
child the count remained below 12,000 during its four weeks of life, and
RUBELLA SYNDROME - CLINICAL FINDINGS IN 20 INFANTS
PER CENT: 0 10 20 30 40 50 60 70 80 90 100
CARDIAC LESIONS (17)
PETECHIAL RASH (13)
HEPATO/ SPLENO ______________
MEGALY (11)
CATARACT (10)
PREMATURITY (8)
MICROCEPHALY (3)
MICROPTHALMIA (2)
CHORIORETINITIS (I)
* NUMBER OF CASES
ESOPH. ATRESIA (1)
FIG. 1. Source: See reference 7.
another now 4y2 months old, has had a persistent hypoplastic anemia and
platelet counts in the range of 25,000 to 90,000.
Mortality is high in infants with the rubella syndrome. We have examined
tissues from two babies who died during the first two months of life, one at
4 weeks and one at6y2 weeks of age. Both presented with thrombocytopenic
purpura and patent ductus arteriosus, and one also had esophageal atresia
necessitating gastrostomy. One child was doing fairly well, although gaining
weight slowly, when it died suddenly and unexpectedly at 6y2 weeks of
age, a so-called "crib-death." At autopsy a patent ductus arteriosus and
focal pulmonary atalectasis were the only findings. No obvious reason for
death was apparent. From this child, virus was recovered from brain, lung,
spleen, kidney, colon wall, and lymph nodes. From the other infant, lung,
liver, and kidney were available for testing, but only the kidney yielded
rubella virus.
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Dr. Weller, in taking a broad look at the ecology and epidemiology of
infectious diseases, pointed out that old problems are likely to be replaced
by a continuing series of new ones. The currently unravelling rubella story
is a good illustration of this point. There has not yet been sufficient time
to assess the total impact of the 1964 epidemic in terms of the incidence
and nature of congenital anomalies, the duration of virus excretion in
affected infants, nor the epidemiologic implications of this; but it is clear
that many new and extraordinarily interestingclinical and virologic problems
have been uncovered. The unusually high incidence of congenital purpura
suggests that possibly the virus responsible for the epidemic behaves
TABLE 2. RUBELLA SYNDROME WITH THROMBOCYTOPENIC PURPURA
Virus isolations
Platelet No. of Hepatospleno- Other (throat)
counts infants megaly anomalies* No. pos./No. tested
<30,000 3 3 3 3/3
30-49,000 3 2 1 2/3
50-100,000 5 3 4 5/5
>100,000 2 2 1 2/2
Totals 13 10 (77%) 9 (69%) 12/13 (92%)
* Cardiac lesions (9); cataract (5) ; others (4).
differently biologically from previous ones, whether or not antigenic
differences can be detected with presently available methods. Soon there
should be sufficient data collected throughout the country to determine
whether the incidence of congenital anomalies in infants exposed in utero
to rubella is in the range of 15 to 20 per cent as has been the case during
the previous epidemics"' or is higher or lower. In our own survey of
some 2,000 women who have delivered in the Yale-New Haven Hospital
there has been a total of 21 mothers with a history of frank rubella in
the first trimester; nine of the infants born to these women, or more than
40 per cent have had the rubella syndrome. This suggests that congenital
anomalies are not likely to be less common than in previous epidemics,
and may in fact be more frequent. It is clear that there is a great deal to be
learned in the next few years about this point and about many other aspects
of this extraordinary virus disease. We are grateful to Dr. Weller for his
penetrating discussion of the hanging epidemiologic concepts of rubella,
of the peculiarities of the congenital infection, and of its similarities to
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another congenital problem, viz. cytomegalovirus disease. Toward an
understanding of both of these congenital infections he and his colleagues
have made major contributions.
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